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ABSTRACT

Infectious bursal disease virus (IBDV) causes immunosuppression and high mortality in young
chickens. Long non-coding RNAs (IncRNAs) and microRNAs (miRNAs) are important regulators
during viral infection. However, detailed the regulatory mechanisms of IncRNA-miRNA-mRNA have
not yet been described in IBDV infection. Here, we analysed the role of IncRNA53557/gga-miR
-3530-5p/STAT1 axis in very virulent IBDV (vvIBDV) infection. Evidently upregulated expression of
IncRNA53557 was observed in bursa of Fabricius and DT40 cells. Meanwhile, overexpression of
IncRNA53557 promoted STAT1 expression and inhibited vvIBDV replication and vice versa, indi-
cating that the upregulation of IncRNA53557 was part of the host antiviral defence. The sub-
cellular fractionation assay confirmed that IncRNA53557 can be localized in the cytoplasm.
Further, dual-luciferase reporter, RNA pulldown, FISH and RT-qPCR assays revealed that
IncRNA53557 were directly bound to gga-miR-3530-5p and had a negative regulatory relationship
between them. Subsequent mechanistic analysis showed that IncRNA53557 acted as a competing
endogenous RNA (ceRNA) of gga-miR-3530-5p to relieve the repressive effect of gga-miR-3530-5p
on its target STAT1, as well as Mx1, OASL, and ISG15, thereby suppressing vvIBDV replication. The
study reveals that a network of enriched IncRNAs and IncRNA-associated ceRNA is involved in the
regulation of IBDV infection, offering new insight into the mechanisms underlying IBDV-host
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Introduction

Infectious bursal disease (IBD), caused by infectious
bursal disease virus (IBDV), is an acute, highly conta-
gious disease in chickens aged 3-6 weeks and is thought
to be a major infectious disease threatening the poultry
industry [1,2]. IBDV is a non-enveloped virus with
a double-stranded RNA consisting of two segments:
A and B [3-5]. Segment A (3.2 kb) comprises two
overlapping open reading frames (ORFs), which encode
the viral nonstructural proteins VP4 (28 kDa) and VP5
(17 kDa), and structural proteins VP2 (28 kDa) and
VP3 (32 kDa), which are the major components of the
virus [3,6]. Segment B (2.8 kb) contains a single ORF
and encodes VP1 (90 kDa), an RNA-dependent RNA
polymerase [7]. Two serotypes (I and - II) of IBDV
have been recognized, and serotype I, which includes
very virulent (vv), variant, classically virulent, and atte-
nuated, exhibit varying degrees of pathogenicity and
mortality in chickens [8]. IBDV predominantly targets
and destroys B lymphocyte precursors in the bursa of
Fabricius (BF), depleting the number of B lymphocytes

and seriously damaging the bursal tissue [9]. This leads
to high mortality, severe immunosuppression, and
increased susceptibility of chickens to other pathogens
[10,11]. Therefore, exploring the underlying regulatory
mechanisms is essential to prevent and control IBDV
infection.

The Encyclopedia of DNA Elements indicate that
80% of the genome in an organism is functional and
that this majority is transcribed into various types of
RNAs, including microRNAs (miRNAs), circular RNAs
(circRNAs), and long non-coding RNAs (IncRNAs)
[12]. Transcripts longer than 200 nucleotides in length
without protein-coding potential are defined as
IncRNAs [13,14]. They have been observed in a large
diversity of species, including animals [15], plants [16],
and even viruses [17]. Moreover, IncRNAs are poorly
conserved between species and are generally considered
to be transcriptional noise due to their low expression
[18,19]. However, IncRNAs have been considered to
perform diverse functions by regulating the expression
of genes at various levels [20], and playing significant
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roles in a wide variety of important biological processes
[21,22]. Recently, accumulating evidence has confirmed
that IncRNAs play a crucial role in viral infection by
regulating the expression of antiviral related key genes
via the interferon (IFN)/JAK-STAT signalling pathway
[23-25]. For example, IFN-a-induced IncRNA-CMPK2
promotes HCV replication by negatively regulating the
expression of IFN-stimulation genes (ISGs), IFIT3,
ISG15, and IFITM1 [26]. Importantly, our previous
study found that loc107051710 promoted the expres-
sion of IFN-a and IFN-B by regulating IRFS8, thereby
suppressing IBDV replication [27], suggesting that
IncRNA also plays a crucial role in IBDV infection.

MicroRNAs (miRNAs) are endogenous small non-
coding RNAs of approximately 20-25 nt that mainly
regulate the degradation or translation inhibition of
target genes by binding to the 3’-untranslated regions
(UTRs) [28,29]. They exert a wide range of functions
associated with inflammation [30], cancer [31], and
viral infections [32] by regulating the expression of
various host genes at the post-transcriptional level.
Moreover, accumulating evidence indicates that
miRNAs play an important role in IBDV infection.
For example, some host miRNAs can inhibit the trans-
lation and replication of IBDV through directly target-
ing the genomes of the virus, such as gga-miR-454-3p,
gga-miR-21-5p and gga-miR-130b-3p [33]. Moreover,
host miRNAs also can exhibit the capacity to either
enhance or inhibit IBDV replication via regulating the
genes involved in the IFN signalling pathway, such as
gga-miR-142-5p, gga-miR-9-3p, gga-miR-155-5p and
gga-miR-27-3p [33]. These findings illustrated that
miRNAs are also involved in the host response to
IBDV infection.

One such hypothesis for assigning IncRNA function
that is gaining notable attention is the competitive
endogenous RNA (ceRNA) hypothesis. The ceRNA
hypothesis posits that specific RNAs can serve as
miRNA sponges by competitively binding with
miRNA response elements (MREs) to impair miRNA
activity, thereby upregulating miRNA target gene
expression [34]. In particular, IncRNAs are reported
in an increasing number of studies as acting as func-
tional ceRNAs. More importantly, studies have sug-
gested that ceRNAs participate in the regulation of
various diseases. For example, the IncRNA CHRF can
bind miR-489 to regulate cardiac hypertrophy [35].
A number of studies have indicated that a single
IncRNA or miRNA can effectively affect IBDV replica-
tion by regulating key gene expression in the IFN-I or
JAK-STAT signalling pathways [27,33,36,37]. However,
it is not yet clear whether IncRNAs are involved in the
pathogenesis of IBDV infection, serving as ceRNAs.

Here, the probable host IncRNAs and miRNAs
involved in vvIBDV infection in BF were investigated
and the IncRNA-miRNA-mRNA ceRNA regulatory
networks were constructed. The results may shed new
light on the regulation of noncoding RNA in vwIBDV
infection.

Methods
Animal and treatment

All procedures used in the experiment were approved
by the Institutional Animal Care and Use Committee of
Northeast Agricultural University (2016NEFU-315,
13 April 2017). Three-week-old SPF White Leghorn
chickens were raised in a negative-pressure pathogen-
free condition, and the grouping and treatment of all
animals was performed as previously described [36].
Briefly, chicken (n=3) in the IBDV treatment group
were infected with 10° ELD5,/0.2 mL of vwwIBDV strain
L]-5 via eye-nose drops, while chickens (n=3) in the
control group were treated with PBS. The two groups
were housed independently. After 3 days, three chick-
ens in the two groups were randomly selected and
euthanized, and the bursal tissues were collected and
immediately stored in liquid nitrogen.

RNA sequencing

RNA sequencing analysis was performed using Gene
Denovo Biotechnology Co. (Guangzhou, China), and
detailed sequencing procedures were performed as
described previously [36]. Differentially expressed
(DE) IncRNAs with |[fold change (FC)|>1.5 and
P <0.01 as well as miRNAs and mRNAs with |FC|>2
and p value < 0.01 were screened. Furthermore, KEGG
databases were used for functional enrichment analysis,
and KEGG pathways were determined, with p < 0.05.

Construction of IncRNA-miRNA-mRNA ceRNA
network

The IncRNA-miRNA-mRNA ceRNA network was con-
structed based on the DE IncRNAs, miRNAs, and
mRNAs, using Cytoscape v3.6.0 [38].

Cells culture and transfection

DT40 cells, a chicken precursor B cell line, were pro-
vided by the Harbin Institute of Veterinary Medicine
(Harbin, China), and were cultured in complete RPMI
1640 medium (Thermo Fisher Scientific, USA) supple-
mented with 10% foetal bovine serum, 2% chicken



serum, 50 pM [B-mercaptoethanol, 1% tryptose phos-
phate broth, 1% L-glutamine, and 100 U/mL penicillin
G at 37 °C under 5% CO,.

The three specific siRNAs for 1oc107052552,
loc107053874,  loc107053557  1oc107055286, and
loc101749705, STATI1, and gga-miR-3530-5p mimic,
and gga-miR-3530-5p inhibitor were designed and
synthesized by GenePharma (Shanghai, China). DT40
cells (5x 10° cells/mL) were seeded into 12-well plates
and transfected with 50 nM specific siRNAs and 30 nM
gga-miR-3530-5p mimic or inhibitor in Opti-MEM
medium using the Lipofectamine RNAi MAX Reagent
(3.0 ug/mL, Invitrogen, USA), according to the manu-
facturer’s protocol. The cells were transfected with nega-
tive control (NC) and inhibitor NC as controls. The
sequences of NC, specific siRNAs, inhibitor NC, mimics,
inhibitor, and the overexpression sequences of
IncRNA53557 are summarized in Tables S1-S3. The
overexpression sequences of IncRNA53557 were synthe-
sized by Comate Bioscience (Jilin, China) and cloned
into the HindIII-EcoRI site of the overexpression vector
pcDNA3.1(+) to generate pcDNA3.1-IncRNA53557. In
this study, DT40 cells were transfected with 1pg of
pcDNA3.1-IncRNA53557 vector using Lipofectamine
3000 reagent (3.0 ug/mL, Invitrogen, USA) in Opti-
MEM medium, and the empty pcDNA3.1 vector with
no IncRNA53557 sequence was transfected as a negative
control.

Cell viability assay

DT40 cells were transfection into different RNA or
plasmid intervention conditions. After transfection,
5000 cells/well were seeded in 96-well plates. Then,
the cell viability was measured by a Cell Counting
Kit-8 (CCK-8, Sigma) as described previously [39].
Briefly, CCK-8 was added and incubated at 37°C for
2 h, and the absorbance of each well was read at 450 nm
with a microplate reader (BioTeke Corporation, China).
Cell viability was calculated using the formula: Cell
VlablhtY = (ODexperimental group/ODcontrol group) % 100%.

Analysis of the coding potential

Codon  substitution frequencies (CSF) analysis
(PhyloCSF) from the University of California Santa
Cruz (UCSC; https://genome.ucsc.edu/) was utilized to
analyze the coding potential of IncRNA53557. ACTB
served as coding RNA control, and metastasis asso-
ciated lung adenocarcinoma transcript 1 (MALAT1)
and X inactive specific transcript (XIST) served as
noncoding RNA controls. Moreover, the Coding
Potential Calculator (CPC; http://cpc.cbi.pku.edu.cn/)
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and the Coding-Potential Assessment Tool (CPAT;
http://rna-cpat.sourceforge.net/) were also used for
potential noncoding analysis [40,41].

Subcellular fractionation

The PARIS™ Kit (Thermo Fisher Scientific, USA) was
used to isolate the nucleus and cytoplasm of DT40 cells
following the manufacturer’s protocol. Uninfected and
IBDV-infected DT40 cells (~1x 107 cells) were col-
lected and washed twice with cold DEPC-treated PBS.
Cold cell fractionation buffer (400 pL) was added to the
tube to resuspend the cells and then placed on ice for
5min, followed by immediate centrifugation at
15,000 x g for 5min. The supernatant was transferred
to a new tube as the cytoplasm extract, and the remain-
der was considered as the nuclear fraction after washing
once with cold DEPC-treated PBS.

Real-time quantitative PCR (RT-qPCR) analysis

Total RNA from the BF tissues and DT40 cells (control
and IBDV-infected groups) was extracted using TRIzol
reagent (Invitrogen) according to the manufacturer’s
instructions. The purity and concentration of RNA
samples were determined using Nanodrop 2000
(Thermo Fisher Scientific). Reverse transcription of
mRNA and IncRNA was performed as previously
described [27]; whereas that of miRNA was performed
using miRcute miRNA First-strand cDNA Synthesis Kit
(Tiangen, China). Further, RT-qPCR was performed as
previously described [27]. Primer sequences are pre-
sented in Table S4. The relative mRNA levels of these
genes were calculated using the 27*“ method, and p-
actin or U6 was used as an internal control.

Additionally, the viral loads of IBDV in infected cells
were detected by RT-qPCR. The primers were designed
to target the VP2 gene of IBDV using Oligo 6 software
(forward: 5'-GCT ACA ATG GGT TGA TGT CTG-3';
reverse: 5'-ACG GTC CCT CTC ACT CAG TAT-3').
A standard curve was generated using a ten-fold serially
diluted recombinant plasmid containing the IBDV-VP2
gene from 2 to 8 logl0 copies, and viral loads of IBDV
were quantified according to the standard curve.

Western blotting analysis

Cells were lysed and total protein was extracted using
RIPA (Beyotime, China) and then denatured by
heating. Total proteins were separated using 10% SDS-
PAGE and transferred to polyvinylidene fluoride mem-
branes (Millipore, MA, USA). The membranes were
blocked with 5% (w/v) skim milk at 25 °C for 2 h and


https://genome.ucsc.edu/
http://cpc.cbi.pku.edu.cn/
http://rna-cpat.sourceforge.net/

4 X. HUANG ET AL.

incubated with diluted the following primary antibodies
at 4 °C overnight: mouse anti-B-actin monoclonal
(TaKaRa, China), rabbit anti-STAT1 (ProteinTech,
China), rabbit anti-phosphorylated-STAT1 (Tyr701;
Affinity, China), and mouse monoclonal anti-IBDV-
VP2 (produced and preserved in our laboratory).
Subsequently, after being washed thrice with PBST,
the membranes were incubated with HRP-conjugated
goat anti-rabbit IgG (H+L) (Thermo Fisher Scientific)
or goat anti-mouse IgG (H+L) antibody (Thermo
Fisher Scientific) for 1h. Finally, the signal was
detected using an ECL chemiluminescent system
(Cheml Scope 5300, China) and related abundance
was analysed and normalized to the level of B-actin by
Image Lab Software.

Double luciferase reporter assay

The sequences of STAT1 3'-UTR and IncRNA53557
containing the gga-miR-3530-5p binding sites and
their corresponding mutated sequences were designed,
synthesized, and individually inserted into the pMIR-
REPORT plasmid (Thermo Fisher Scientific), and
termed STAT1-WT, STAT1-Mut, IncRNA53557-WT,
and IncRNA53557-Mut, respectively. These sequences
are listed in Table 1. All the above plasmids and phRL-
TK plasmid were co-transfected with gga-miR-3530-5p
mimics to DT40 cells using the Lipofectamine 3000
reagent. After 24h of transfection, luciferase activity
was evaluated using the Dual-Luciferase Reporter
Assay Kit (Promega, USA). The activity of firefly luci-
ferase was normalized to that of Renilla luciferase for
each group.

RNA fluorescence in situ hybridization (FISH)
analysis

FISH assay was performed to observe the location of
IncRNA53557 and gga-miR-3530-5p in the BF. CY-
3-labelled probes specific to IncRNA53557 and FAM-
labelled locked nucleic acid gga-miR-3530-5p probes

were designed and synthesized by GenePharma
(Shanghai, China). The sequences of IncRNA53557
and gga-miR-3530-5p probes for FISH were as fol-
lows: IncRNA53557 (CY3-TCTTATTTATGCCCCTC
GTAGTCCGTTCCTTCCTC-CY3) and gga-miR
-3530-5p (FAM-CCACAATGGTGCGAGCAGAGC-
FAM). The bursal tissues were fixed with FISH fixative
at 4 °C for 24 h, and then were embedded in paraftin
wax as previously described [39]. Hybridization was
performed overnight with IncRNA53557 and gga-miR
-3530-5p probes (GenePharma, China) according to the
manufacturer’s instructions. Images were acquired
using an inverted fluorescence microscope (Nikon,
Tokyo, Japan).

RNA pulldown assay

The IncRNA53557 probe (the same as those used in
RNA-FISH) and NC (3-GTGTAACACGTCTATAC
GCCCA-5’) probe modified with 3, 5 biotins. RNA
pulldown assay was performed by RNA pulldown kit
(Gene Pharma, China). LncRNA53557 and miRNAs
(gga-miR-3530-5p and gga-miR-1808) bound to the
pulldown beads were measured by RT-qPCR.

Statistical analysis

Graph generation and data analyses were performed
using GraphPad Prism version 7.0. Student’s t-test or
one-way analysis of variance and Tukey’s post-hoc
pairwise test were used to perform statistical analysis.
Data are presented as the mean + standard deviations,
and differences were considered significant at p < 0.05.

Results

Construction and analysis of ceRNA interaction
network

To clarify the potential regulatory roles of DE IncRNAs
and miRNAs in IBDV-infected BF, expression profiles

Table 1. Wild-type (WT) and mutant-type (mut) primers of STAT1 3'UTR and IncRNA53557.

Names

Primer sequences (5'-3')

Wild-type (WT) and mutant-type (Mut) primers of STAT1 3'UTR

WT Forward
WT Reverse
Mut Forward
Mut Reverse

AGCTTGTATCTCGGATGGTGGATCCAGCAGAGATTGACACAGTAATGTGTTCAGAGCT
CTGAACACATTACTGTGTCAATCTCTGCTGGATCCACCATCCGAGATACA
AGCTTGTATCTCGGATGGTGGATCCATTAGCTATTGACACAGTAATGTGTTCAGAGCT
CTGAACACATTACTGTGTCAATAGCTAATGGATCCACCATCCGAGATACA

Wild-type (WT) and mutant-type (Mut) primers of IncRNA53557

WT Forward
WT Reverse
Mut Forward
Mut Reverse

AGCTTGGAAATATTCTGTGTCTGCTCAGAGCAGAGCCTCCAGCCTGAGTCTCCCAGAGCT
CTGGGAGACTCAGGCTGGAGGCTCTGCTCTGAGCAGACACAGAATATTTCCA
AGCTTGGAAATATTCTGTGTCTGCTCAGATTATCGCCTCCAGCCTGAGTCTCCCAGAGCT
CTGGGAGACTCAGGCTGGAGGCGATAATCTGAGCAGACACAGAATATTTCCA

Note: Four sequences inserted in the pMIR-REPORT plasmids. The red colour indicates wild-type bases (for
the target location), and green indicates the mutated bases.



of mRNAs, IncRNAs, and miRNAs were analysed by
RNA sequencing; the results showed that 411 mRNAs,
272 IncRNAs, and 77 miRNAs were differentially
expressed between the two groups, which has been
determined in our previous study [36]. Subsequently,
10 differentially expressed IncRNAs and 10 miRNAs
were randomly selected and verified using RT-qPCR
(Figure 1(a,b)). The verification results were similar to
the sequencing results, confirming the reliability of the
RNA sequencing.

Subsequently, a putative IncRNA-miRNA-mRNA reg-
ulatory network was constructed, in which 45 DE

mRNAs, 108 DE IncRNAs, 18 DE miRNAs
igure 1(c)). ene ntolo analysis o
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differentially expressed genes (DEGs) in the network
showed that cell process, biological regulation, and single-
organism  process were significantly  enriched
(Figure 1(d)). The KEGG analysis results showed that
DEG in the network were predominantly enriched in
the JAK-STAT signalling pathway (Figure 1(e)). DEGs
in the JAK-STAT signalling pathway were then selected
to construct a ceRNA integration network, and 19 pairs of
interaction relationships containing eight IncRNAs, two
mRNAs (STAT1 and STAT3), and one miRNA (gga-miR
-3530-5p) were identified (Figure 1(f)). Additionally, in
the IncRNA-miRNA-mRNA network, STAT1 (fold
change = 9.34) and STAT3 (fold change =2.89) could be
regulated by six and three IncRNAs, respectively. Previous
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Figure 1. Effects of viIBDV infection on differentially expressed IncRnas and miRnas, and the construction of ceRNA regulatory
networks. (a and b) validation of the differentially expressed IncRnas and miRnas using RT-gPCR. (c) The IncRNA-miRNA-mRNA
regulatory network was constructed and generated by cystoscope software. The red ellipses, yellow triangles, and blue rectangles
represent IncRnas, miRnas, and mRnas, respectively. (d) Significantly enriched GO pathways with p values of < 0.05. (e) Significantly
enriched KEGG pathways with p values of < 0.05. (f) The IncRNA-miRNA-mRNA (JAK-STAT signalling pathway) regulatory network.
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studies have indicated that STAT1 plays a vital role in
innate antiviral immunity by inducing the expression of
interferon-stimulated genes (ISGs) [42,43]. Thus, STAT1
was selected for further study.

Knockdown of STAT1 inhibited ISGs expression and
promoted vvIBDV replication

The relative expression level of STAT1 was determined
by RT-qPCR and Western Blotting. Evaluating the
expression of STAT1 showed that both the mRNA
(p <0.01) and protein levels of STAT1 (p <0.01) were
upregulated in vvIBDV-infected BF (Figure 2(a)). To
further investigate the effect of the IBDV LJ-5 strain on
the expression level of STAT1 in immune cells, the
DT40 cell line (a chicken precursor B cell line) was
selected for in vitro study. DT40 cells were infected
with 10% ELDs5¢/200 uL vwIBDV for 48 h, and the results
suggested that compared to the control group, both the
mRNA (p <0.01) and protein levels of STAT1 (p <0.01)
were significantly increased in vvIBDV-infected DT40
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cells (Figure 2(b)). The result in vitro was consistent
with the in vivo study.

To identify how STAT1 functions in vvIBDV infec-
tion, we generated STAT1-specific siRNA to silence
STAT1 expression in vitro, and the results of RT-
qPCR and Western Blotting revealed that si-STAT1
has a high inhibitory efficiency (Figure 2(c)).
Subsequently, the effect of silencing STATI on the
mRNA levels of Mx1, OASL, and ISG15 and the repli-
cation of vvIBDV were evaluated, and the results indi-
cated that the siRNA-mediated knockdown of STAT1
resulted in a decrease in Mx1(p <0.01), OASL (p<
0.01), and ISG15 (p < 0.01) mRNA levels, compared to
the NC group (Figure 2(d)); however, vvIBDV repli-
cation was significantly increased (Figure 2(e)).

Identification of IncRNA53557 as a candidate
IncRNA

According to the IncRNA-miRNA-mRNA regulatory
network, loc107052552 (GenBank accession number:
XR_001465108.2), 1oc107053874 (GenBank accession
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Figure 2. Knockdown of STAT1 inhibited ISGs expression and enhanced vvIBDV replication. (a) Relative mRNA and protein levels of
STAT1 was analysed by RT-gPCR and Western Blotting in BF. (b) Relative mRNA and protein levels of STAT1 was analysed in DT40
cells with wIBDV infection for 48 h. (c) siRNA-based knockdown of STAT1 was analysed by RT-qPCR and Western Blotting in DT40
cells. (d) Relative mRNA levels of Mx1, OASL, and ISG15 were analysed by RT-qPCR in STAT1 knocked-down DT40 cells infected with
wvIBDV. (e) Expression of vvIBDV-VP2 gene and protein were measured by RT-gPCR and Western Blotting in STAT1 knocked-down
DT40 cells infected with vvIBDV. Data are shown as the mean + SD for three independent experiments. *p < 0.05, **p < 0.01.



number: XR_001467622.2), loc107053557 (GenBank
accession number: XR_001466920.2), loc107055286
(GenBank accession number: XR_001470337.2), and
loc101749705 (GenBank accession number:
XR_001467871.2) regulated STAT1. Three specific
siRNAs for the above IncRNAs were transfected into
DT40 cells, and the knockdown efficiency was
detected by RT-qPCR. Because of their high inhibitory
efficiency  (Figure 3(a)), si-loc107052552-1, si-
loc107053874-2, si-loc107053557-3, si-

1oc107055286-1, and si-loc101749705-3 were chosen
for the following experiments. Specific siRNAs were
transfected into DT40 cells and the expression of
STAT1 was detected by RT-qPCR and Western
Blotting. Notably, the interference of IncRNAs
described above suppressed the expression of STAT1
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(IncRNA53557) had a strong regulatory effect on
STAT1. Therefore, this uncharacterized IncRNA53557
and its role in gga-miR-3530-5p and STAT1 was
studied.

Characterization of IncRNA53557

LncRNA53557 is  located in chromosomal locus
NC_052536.1. Online coding ability analysis by PhyloCSF
demonstrated low IncRNA53557 coding potential
(Figure 4(a)); meanwhile, Coding Potential Calculator
(CPC) and coding potential Assessment Tool (CPAT) result
also corroborated this lower coding potential (Figure 4(b,c)).
Furthermore, the subcellular fractionation assay showed that

Compared with the control or NC groups IncRNA53557 was localized both in the cytoplasm and
(p<0.05 or p<0.01), especially 1oc107053557  nucleus (Figure 4(d)), indicating that IncRNA53557 might
(Figure 3(b)), indicating that loc107053557 function in the cytoplasm and nucleus.
#
a
( ) 1.5 e 15 " 20 #
i | \ i E_1s
;_ E;LD ' ezz §1.0 % E;
g3 23 ZZ10
v = v =2 o=
205 zE05 z <8
i i ET05
& & &
0.0 0.0 0.0
U ST SRy ) 3 c 2
cort® :1 57 ?;05‘15"1 852" cont® \n105 1510535 n—yo&‘ﬁ’“ ot ‘3105'-5 010‘:’-“5!’ 105’5‘551
ST g “oc OD SV g ‘—oc S \"-'o
15 i 15
g g10 E 210
2 e 2
ES i)
2Z0s 2E05
57 37
& &
0.0 0.0
\ 2 3 \ 2
oo \01355 ?go‘if"‘“s Cd o 1:5“' ‘\3\1"'91(’5 9105
a0 oe oo 20T oot

(b)

Relative STATI mRNA levels
(fold change)

Relative optical density value
(STAT/B-actin)

@ WO gl b sl o
o w g g;tb & “555 _‘,31
o \S‘ .@“ e
&M M oM g

Figure 3. Screening and identification of the IncRnas. (a) The knockdown efficiency of loc107052552, loc107053874, loc107053557,
l0c107055286, and loc101749705 in DT40 cells treated with specific siRnas were analysed by RT-qPCR. (b) Effect of IncRnas
(loc107052552, 1oc107053874, loc107053557, 1oc107055286, and loc101749705) on the mRNA and protein levels of STAT1 in
DT40 cells was determined by RT-gPCR or Western blotting. Data are shown as the mean + SD for three independent experiments.
*p < 0.05, **p < 0.01 represents a significant difference compared to control group. ##P < 0.01 represents a significant difference

compared to the negative control (NC) group.
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are shown as the mean + SD for six independent experiments.

Overexpression of IncRNA53557 upregulated STAT1
expression and weakened vvIBDV replication

The relative expression level of IncRNA53557 was deter-
mined by RT-qPCR.  The results revealed that
IncRNA53557 (p <0.01) was significantly upregulated in
wvIBDV-infected BF compared with the control group
(Figure 1(a)). Subsequently, the normal DT40 cells were
treated with vwIBDV and the expression of IncRNA5357
was measured at various time points. The results showed
that vwIBDV infection induced a robust increase in
IncRNA53557 in DT40 cells at 48 h (p < 0.01, Figure 5(a)).
To explore the biological function of IncRNA53557 in DT40
cells, the overexpression vector of pcDNA3.1-IncRNA53557

were constructed and transfected into DT40 cells. After
transfection for 48 h, the mRNA levels of IncRNA53557
was measured by RT-qPCR, and the result demonstrated
that the expression of IncRNA53557 was significantly
increased (p <0.01, Figure 5(b)). Meanwhile, the effect of
transfection on cytotoxicity was evaluated by the CCK-8 kit.
The result showed that no significant difference in cell activ-
ity between-group (Figure 5(c)). Subsequently, both
IncRNA53557-overexpressed group cells and
the PcDNA3.1 group cells were infected with 10* ELDs,
/200 uL vwIBDV for 48 h, and cell lysates were harvested to
evaluate the expression of STAT1 using RT-qPCR and
Western Blotting. The results demonstrated that the
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Figure 5. LncRNA53557 upregulated STAT1 expression and inhibited vvIBDV replication. (a) Relative expression levels of IncRNA5357
at various time points was measured in IBDV-infected DT40 cells by RT-gPCR. (b) Verification of the overexpression of the
IncRNA53557 by RT-gPCR. (c) The effect of transfection on cell viability. (d) Relative mRNA and protein expression of STAT1 were
determined by RT-gPCR and Western Blotting in IncRNA5357 overexpressed DT40 cells infected with vvIBDV. (e) Expression of
wIBDV-VP2 gene and protein were determined by RT-gPCR and Western Blotting in INncRNA5357 overexpressed DT40 cells infected
with vvIBDV. (f) Relative mRNA and protein expression of STAT1 were determined by RT-qgPCR and Western Blotting in IncRNA5357
knocked-down DT40 cells infected with vvIBDV. (g) Expression of vvIBDV-VP2 gene and protein were determined by RT-qgPCR and
Western Blotting in IncRNA5357 knocked-down DT40 cells infected with vvIBDV. Data are shown as the mean +SD for three

independent experiments. *p < 0.05, **p < 0.01.

overexpression of IncRNA53557 markedly increased both
the mRNA and protein levels of STAT1 and phospho-
STAT1 (p <0.01, Figure 5(d)) compared to the PcDNA3.1
group.

To evaluate the influence of IncRNA53557 on IBDV
proliferation, pcDNA3.1-IncRNA53557-transduced DT40

cells were treated and measured vvIBDV replication by
RT-qPCR and Western Blotting. Results implied that the
overexpression of IncRNA53557 was accompanied by
a decrease in vvIBDV replication compared to the
PcDNA3.1 group (p <0.01, Figure 5(e)), indicating that
IncRNA53557 plays a critical role in antiviral responses.
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Knockdown of IncRNA53557 inhibited STAT1
expression and promoted vvIBDV replication

To further validate the functionality of IncRNA53557
on both STAT1 expression and vvIBDV replication,
siRNA against IncRNA53557 was transfected into
DT40 cells to silence IncRNA53557 ectopically. Both
IncRNA53557 knocked-down cells and the NC group
cells were infected with vwIBDV (10* ELDs,/200 uL),
and cell lysates were harvested to evaluate the expres-
sion of STATI using RT-qPCR and Western Blotting.
The results showed that downregulation of
IncRNA53557 considerably decreased both the mRNA
and protein levels of STAT1, and phospho-STAT1 (p <
0.01, Figure 5(f)) compared to the NC group.
Furthermore, the knockdown of IncRNA53557 signifi-
cantly enhanced vvIBDV replication in DT40 cells
compared to the NC group (p < 0.01, Figure 5(g)).

LncRNA53557 were a direct target of gga-miR-
3530-5p

The function of IncRNA is closely related to its sub-
cellular location [44]. Based to the results showed that
IncRNA53557 can be located in the cytoplasm and
influenced STAT1 expression in the same trend, we
speculated that STATI1 might be the target molecule
of IncRNA53557. Numerous cytoplasmic IncRNAs have
been reported to perform as competing endogenous
RNAs (ceRNAs) by binding common miRNAs [45].

TargetScan, an miRNA target prediction tool, was
used to analysed the target relationship between
IncRNA53557, STAT1 and gga-miR-3530-5p. The
results suggested that both IncRNA53557 and STAT1
had the potential to bind gga-miR-3530-5p (Figure 6(a)
and 8(a)); that is, they might be connected by the same
miRNA response element (gga-miR-3530-5p) in cyto-
plasm. Additionally, we evaluated the expression of
gga-miR-3530-5p in vvIBDV-infected BF (Figure 1(b))
and DT40 cells (Figure 6(b)). Data indicated that infec-
tion of vwIBDV induced lower expression of gga-miR
-3530-5p in vivo and in vitro.

To  investigate  the interactions  between
IncRNA53557 and gga-miR-3530-5p, a series of experi-
ments were performed. First, gga-miR-3530-5p mimics
and inhibitor were generated and verified by RT-qPCR,
and the effect of transfection on cytotoxicity was eval-
uated by CCK-8 kit. After transfection for 24 h, gga-
miR-3530-5p level was significantly decreased in the
inhibitor group, whereas it was significantly increased
in the mimics group, compared with the control group
(Figure 6(c,d)). Moreover, no significant difference in
cell activity between-group (Figure 6(e)). Considering

that IncRNA could serve as miRNA sponges in the
cytoplasm, the binding between IncRNA53557 and gga-
miR-3530-5p were validated in the study. The
IncRNA53557-WT and IncRNA53557-Wut (without
gga-miR-3530-5p binding sites) were subcloned into
the luciferase reporter vector pMIR-REPORT
(Figure 6(f)). The results indicated that the luciferase
activity of the IncRNA53557-WT group was signifi-
cantly decreased in the gga-miR-3530-5p mimic group
(p<0.01) compared with the NC group in DT40 or
HEK-295T cells; however, there was no difference
among gga-miR-3530-5p mimics and NC group in the
luciferase activity of IncRNA53557-Mut group
(Figure 6(g)). Second, the direct association between
IncRNA53557 and gga-miR-3530-5p was investigated
in this study. A biotin-labelled IncRNA53557 probe
and a NC probe were generated, and DT40 cell lysates
were incubated with the probes overnight. The specific
binding was confirmed by affinity pulldown of endo-
genic gga-miR-3530-5p and gga-miR-1808 (used as
a control). Then, gga-miR-3530-5p and gga-miR-1808
were then extracted and assessed by RT-qPCR.
Meanwhile, the IncRNA53557 level was detected by
RT-qPCR to evaluate the efficacy of IncRNA53557 pull-
down (Figure 6(h)). The result indicated that endogenic
gga-miR-3530-5p, other than gga-miR-1808, could be
pulled down by biotin-labelled IncRNA53557. These
results suggested that a direct interaction might exist
between  IncRNA53557 and  gga-miR-3530-5p.
Furthermore, knockdown of IncRNA53557 negatively
regulated gga-miR-3530-5p expression (p < 0.01), while
the overexpression of IncRNA53557 significantly sup-
pressed  gga-miR-3530-5p  expression  (p <0.01,
Figure 6(i)) compared to the NC group.
Simultaneously, the expression of IncRNA53557 and
gga-miR-3530-5p was also confirmed by FISH, and
the results showed that after vvIBDV infection,
IncRNA53557 (red) was significantly upregulated,
whereas gga-miR-3530-5p (green) was downregulated,
which was in line with the RT-qPCR results (Figure 7).

gga-miR-3530-5p inhibited STAT1 expression and
promoted vvIBDV replication by targeting STAT1

To further validate the binding between STATI and
gga-miR-3530-5p, STAT1 (S)-wild type (WT) and
STAT1 (S)-mutated type (Mut) were cloned into the
pMIR-REPORT plasmids and then co-transfected with
gga-miR-3530-5p mimics or NC into DT-40 or HEK-
293T cells (Figure 8(b)). The results showed that the
activity of the luciferase reporter vector carrying the
STAT1 3UTR-WT sequence was significantly
decreased in the gga-miR-3530-5p mimic group
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transfection on cell viability. (f) Schematic illustration of IncRNA53557-WT and IncRNA53557-mut luciferase reporter vectors.
(g) Luciferase activities were detected in HEK-293T or DT40 cells co-transfected with gga-miR-3530-5p and luciferase reporters
containing nothing, IncRNA53557, or mutant transcript. Data are presented as the relative ratio of firefly luciferase activity to
renilla luciferase activity. (h) DT40 cell lysates were incubated with biotin-labelled IncRNA53557; after pulldown, IncRNA53557,
gga-miR-3530-5p, and gga-miR-1808 were extracted and assessed by RT-gPCR. (i) The effect of IncRNA53557 on the expression of
gga-miR-3530-5p were determined by RT-qPCR in IncRNA53557 knocked-down or overexpressed DT40 cells. Data are shown as
the mean + SD for three independent experiments. *p < 0.05, ** or ##P < 0.01.
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Figure 7. The expression of IncRNA53557 (red) and gga-miR-3530-5p (green) were evaluated by fluorescence in situ hybridization
(FISH).

Control

vviIBDV

(p<0.01); however, these effects disappeared in  for 48h, and cell lysates were harvested to evaluate the
mutated binding sites of STAT1 (Figure 8(c)). expression of STATI using RT-qPCR and Western

Next, the biological function of gga-miR-3530-5p in  Blotting. The results indicated that compared with the
DT40 cells was explored in the study. NC, gga-miR-3530-  NC group, gga-miR-3530-5p mimics significantly
5p mimics, NC inhibitor and gga-miR-3530-5p inhibitor =~ decreased mRNA and protein levels of STAT1, and phos-
groups cells were infected with 10> ELD5(/200 uL wIBDV ~ pho-STAT1 (p<0.01, Figure 9(a)). Whereas gga-miR-
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3530-5p inhibitor markedly increased both the
mRNA and protein levels of STATI, and phospho-
STAT1 (p < 0.01, Figure 9(b)) compared to NC inhibitor
group. In addition, the effect of gga-miR-3530-5p on
wIBDV replication was measured, and the results
demonstrated that gga-miR-3530-5p mimics significantly
increased vwIBDV replication in DT40 cells compared to
NC (p <0.01, Figure 9(c)), whereas the gga-miR-3530-5p
inhibitor decreased vvIBDV replication (p <0.01,
Figure 9(d)).

LncRNA53557 acts as a molecular sponge for
gga-miR-3530-5p to regulate the STAT1 expression

To explore whether IncRNA53557 regulated STAT1
expression via binding gga-miR-3530-5p, luciferase
plasmid pMIR-REPORT, pMIR-STAT1-WT, or pMIR-
STAT1-Mut was transfected into cells. A dual luciferase
reporter assay showed that overexpression of
IncRNA53557 enhanced luciferase activity of pMIR-
STAT1-WT. In the rescue experiment, gga-miR-3530-
5p mimics abrogated high luciferase activities in
IncRNA53557 overexpressed cells (Figure 10(a)).
Subsequently, we detected such a relationship
through RT-qPCR and Western Blotting assays. The
pcDNA3.1 empty vector or pcDNA3.1-IncRNA53557

with NC or gga-miR-3530-5p mimics were co-
transfected into DT40 cells. After transfection for 48
h, the cells listed above were infected with 10> ELDs,
/200 uL vwIBDV for 48h, and cell lysates were har-
vested to evaluate the expression of STAT1 and ISGs.
The  results  demonstrated  that the  co-
transfection of pcDNA3.1 and gga-miR-3530-5p
mimics significantly decreased the mRNA levels of
STAT1 (p<0.05), Mx1(p<0.05), OASL (p<0.05),
and ISG15 (p < 0.05), and the protein levels of STATI
(p <0.01) and phospho-STAT1 (p <0.01) compared to
co-transfection of pcDNA3.1 and NC groups (Figure 10
(b,c), compare lane 1 to lane 2), whereas co-
transfection of pcDNA3.1-IncRNA53557 and NC
increased the above (compare lane 1 to lane 3).
Interestingly, the co-transfection of
pcDNA3.1-IncRNA53557  and  gga-miR-3530-5p
mimics (the rescue group) reversed low both the
mRNA (p<0.01) and protein (p <0.01) expression
levels of STAT1 and ISGs (compare lanes 2 to 4) com-
pared to co-transfection of pcDNA3.1 and mimics
groups. These data convincingly demonstrate that
IncRNA53557 was positively associated with STAT1
via competitive binding of gga-miR-3530-5p in DT40
cells, which was called the IncRNA53557/gga-miR
-3530-5p/STAT]1 axis.
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Figure 9. gga-miR-3530-5p inhibited STAT1 expression and promoted vvIBDV replication. (a) Relative mRNA and protein expression
of STAT1 were determined by RT-qPCR and Western Blotting in gga-miR-3530-5p overexpressed DT40 cells infected with vvIBDV. (b)
Expression of vwIBDV-VP2 gene and protein were determined by RT-qPCR and Western Blotting in gga-miR-3530-5p overexpressed
DT40 cells infected with vIBDV. (c) Relative mRNA and protein expression of STAT1 were determined by RT-qPCR and Western
Blotting in IncRNA5357 knocked-down DT40 cells infected with vvIBDV. (d) Expression of vvIBDV-VP2 gene and protein were
determined by RT-gPCR and Western Blotting in IncRNA5357 knocked-down DT40 cells infected with vvIBDV. Data are shown as the
mean =+ SD for three independent experiments. *p < 0.05, ** or ## p < 0.01.

LncRna53557/gga-miR-3530-5p association
regulated vvIBDV replication

We further explore whether IncRNA53557 regulated
vvIBDV replication via modulating gga-miR-3530-5p.
Results indicated that compared to co-transfection of

pcDNA3.1 and NC groups, the co-transfection of

pcDNA3.1 and gga-miR-3530-5p mimics significantly
increased both the mRNA (p<0.01) and protein
(p < 0.01) levels of vvIBDV in the DT40 cells
(Figure 11, compare lane 1 to lane 2), whereas co-
of  pcDNA3.1-IncRNA53557  and
NC decreased the above (compare lane 1 to lane 3).

transfection
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experiments. *p < 0.05, **p < 0.01.

Moreover, co-transfection of pcDNA3.1-IncRNA53557
and gga-miR-3530-5p mimics reversed high both the
mRNA (p<0.01) and protein (p<0.01) levels of
vwIBDV (compare lanes 2 to 4) compared to co-
transfection of pcDNA3.1 and mimics groups.
Accordingly, the results revealed that IncRNA53557
was able to reverse the effect of gga-miR-3530-5p

on vvIBDV replication through IncRNA53557/gga-
miR-3530-5p interaction.

Discussion

IBDV infection causes severe damage to the BF in
chickens, leading to susceptibility of chickens to
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other diseases. Recently, IncR NAs and miRNAs have  as regulators in various cellular processes. Increasing
been extensively expressed in IBDV-infected tissues  data has revealed that IncRNAs and miRNAs partici-
and cells [27,33,36] and determined to play key roles  pate in the regulation of host — pathogen interactions
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through complex mechanisms. In the present study,
the RNA-seq was first used to reveal that vvIBDV-
induced the differential expression of IncRNAs and
miRNAs in the bursa of Fabricius, and a putative
IncRNA-miRNA-mRNA crosstalk network was con-
structed. Secondly, STAT1 was obviously upregulated
in IBDV-infected samples and inhibited vvIBDV
replication.  Finally, we identified that the
IncRNA53557/gga-miR-3530-5p/STATI axis s
involved in vvIBDV replication (Figure 12).

In virus-infected cells, IncRNAs and miRNAs encoded
by host genes form a regulatory network in the interaction
between host and virus. Consequently, the interaction
between IncRNAs and miRNAs has provoked great
research interest. As many IncRNAs contain MREs, there
is increasing evidence to suggest that IncRNAs can adsorb
target miRNAs through their own MREs and suppress the
targeting mRNAs degradation mediated by miRNAs [46—
48]. For example, it has been reported that IncRNA
IFITMA4P, as a ceRNA, involved in the innate immunity
against viral infection through the IncRNA IFITM4P-miR
-24-3p-IFITM1/2/3 regulatory network [49]. LncRNA-
NRAYV, a negative regulator of antiviral response, serves
as a ceRNA that promoted respiratory syncytial virus repli-
cation through targeting miR-509-3p/Rab5c axis [47].
These studies suggested that IncRNAs plays an important
role in viral infection as a miRNA sponge.

Herein, the constructed putative IncRNA-miRNA-
mRNA network showed that these aberrantly expressed
genes were predominantly enriched in the Jak-STAT sig-
nalling pathway. Notably, STAT1 was significantly differ-
entially expressed in the Jak-STAT signalling pathway
after IBDV infection. STAT1 is a member of the STAT
family and is activated by type I IFN (IFN-I) [50-52].
When activated, STAT1 can induce the transcription of
ISGs through a series of signal transduction steps, which
includes PKR, ISG15, IFITM3, Mx, and OAS (L), playing
critical roles in antiviral responses [53-55]. For example,
the STAT1 pathway is crucial for clearing the initial viral
load of the dengue virus [56]. However, inhibiting STAT1
phosphorylation antagonizes the IFN antiviral signalling
in HRTV and PEDV infection [57,58], and attenuates the
immune response to SARS-CoV-2 in moDCs [59]. Recent
study revealed STAT1 was also differentially expressed in
the IBDV-infected BF and DF-1 cell line [27,60], indicat-
ing an important role for STAT1 in IBDV infection. In the
present study, knockdown of STATI1 significantly
decreased the mRNA levels of Mx1, OASL, and ISGI5,
and increased IBDV replication, further confirming that
STATI plays a critical role in anti-IBDV infection.

In the study, it was confirmed that IncRNA53557
strongly regulated STAT1; thus, we focused on
IncRNA53557 for functional study. Accumulating
researches showed that IncRNAs participate in multiple
cellular functions via complicated mechanisms, and its
function has been closely linked to the localization in
subcellular ~ components. The localization of
IncRNA53557 in subcellular components was assessed,
and the result showed that both the cytoplasm and
nucleus were the component where IncRNA53557 loca-
lized, suggested a role of IncRNA53557 in both tran-
scriptional and  post-transcriptional  regulation.
Moreover, functional experiments were carried out
in vitro, and results indicated that the overexpression
of IncRNA53557 significantly increased the expression
of STAT1 and decreased vvIBDV replication; however,
opposite results were obtained in the knockdown of
IncRNA53557 group, suggesting that IncRNA53557
acts as a positive transcriptional regulator of STAT1.

LncRNAs have been reported to play an active role
in the cytoplasm, where they participate in post-
transcriptional regulatory processes as miRNA
sponges [61]. Based on the results that
IncRNA53557 can be located in the cytoplasm,
showed the same trend with STATI1, and the
IncRNA53557-gga-miR-3530-5p-STAT1  interaction
network, we tentatively put forward the idea that
IncRNA53557 and STATI1 might share the same
miRNA. In the light of bioinformatics analysis,
IncRNA53557 was predicted to bind to gga-miR
-3530-5p’s seed region. Subsequently, dual luciferase
reporter, RNA pulldown, FISH and RT-qPCR assays
confirmed that IncRNA53557 were directly bound to
gga-miR-3530-5p and had a negative regulatory rela-
tionship between them.

There is increasing evidence that miRNAs can coor-
dinate host defence against viral infections by directly
targeting viral genomes or triggering the innate
immune response [62-64]. Indeed, the role of chicken
miRNA in IBDV infection has been extensively stu-
died, and nine miRNAs (gga-miR-21-5p, gga-miR-155,
gga-miR-130b-3p, gga-miR-27b-3p, gga-miR-454-3p,
gga-miR-2127-3p, gga-miR-16-5p, gga-miR-9-3p, and
gga-miR-142-5p) have been found to be involved in
IBDV replication [33], among which gga-miR-21-5p,
gga-miR-155, gga-miR-130b-3p, gga-miR-27b-3p, and
gga-miR-454-3p exert antiviral effects on IBDV infec-
tion by targeting the negative regulators or viral gen-
However, gga-miR-2127-3p, gga-miR-16-5p,
gga-miR-9-3p, and gga-miR-142-5p promote IBDV
replication by targeting antiviral genes of IFN-
I-associated pathways. In this study, the results of
bioinformatic analysis and dual luciferase reporter

omes.



assays showed that gga-miR-3530-5p can bind to the
3’UTR region of STAT1. Moreover, gga-miR-3530-5p
mimics significantly decreased the expression of
STATland increased vvIBDV replication. Opposite
results were obtained for the gga-miR-3530-5p inhibi-
tor group. These data indicate that gga-miR-3530-5p
can affect the replication of vvIBDV by targeting
STATI1, which is a critical negative regulator of
STATI.

Subsequently, dual luciferase reporter was per-
formed to verify that STAT1 could be positively influ-
enced by IncRNA53557, and similarly, the influence
could be abolished by gga-miR-3530-5p. Moreover,
rescue experiments further confirmed that overexpres-
sion of IncRNA53557 reversed the inhibitory effect of
gga-miR-3530-5p on STATI. Furthermore, overex-
pression of gga-miR-3530-5p promoted vvIBDV repli-
cation, whereas overexpression of IncRNA53557
achieved the opposite result. These results indicated
that IncRNA53557 can act as a sponge for gga-miR
-3530-5p to regulate the STAT1 expression and affect
vvIBDV replication.

This is the first study to thoroughly investigate the
expression, regulation, and function of IncRNA53557,
which is also the first study to investigate the relation-
ship between gga-miR-3530-5p and STAT1. These
findings may shed light on host anti-vwIBDV infec-
tion. However, this study has several limitations. First,
the mechanism underlying the interaction of host
ncRNAs and viruses is intricate, and the present
study only demonstrated that IncRNA53557 can act
as a ceRNA to inhibit vvIBDV replication by targeting
STAT1 in vitro. Therefore, before IncRNA53557 can
be considered as an ideal therapeutic target in
vvIBDV infection, further in vivo investigation of
IncRNA53557 is needed. In addition, IncRNA53557
can also be localized in the nucleus, suggesting that
IncRNA53557 is able to regulate STAT1 in multiple
ways. However, whether IncRNA53557 can regulate
STAT1 in transcriptional level will further investiga-
tion. Second, the present study confirmed that
IncRNA53557 binds gga-miR-3530-5p. However,
whether other chicken miRNAs were bound to
IncRNA53557 and affected IBDV replication was not
predicted by bioinformatics analyses and requires
further study. Third, it is not clear whether chicken
IncRNA53557 is  specific to IBDV infection.
Therefore, a deeper understanding of the antiviral
potential of IncRNA53557 in vvIBDV infection
requires further exploration.
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Conclusion

LncRNA53557 was upregulated in vwIBDV-infected bursal
tissues and DT40 cells, and functions as a positive tran-
scriptional regulator of STAT1. Moreover, IncRNA53557
could exert a crucial regulatory role by blocking the activity
of gga-miR-3530-5p in the IncRNA53557/gga-miR-3530-
5p/STAT1 axis during vwIBDV infection, thus inhibiting
wiIBDV replication, suggesting that the upregulation of
IncRNA53557 in vwIBDV infection was part of the host
antiviral defence. The results may facilitate improvement in
exploring a potential noncoding RNA target for diagnosis
and treatment of vvIBDV infection.
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